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FOREWCRD

The following compilation of thermionic and (related) properties of
elements and compounds has been compiled for the convenience of those
working in the emission physics area. The values listed have been cursorily
checked but should not be used as referenceable information without con-
firming the value in the original reference.

These tables were compiled by Dr. Kenneth Carr, Associate Professor of
Mechanical Engineering, Rose Polytechnic Institute, during the 1966 Case-
Iewis Summer Faculty Fellowship Program.
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TABLE II. - ELECTRONEGATIVITY SCALE OF THE ELEMENTS

Element Atomic Chemical Electro- Element Atomic Chemical Electro-
synmbol  humber Valence negativity symbol number valence negativity
(most stable) scalex [4] (most stable) scale* [4]
" 1 1 2.1 Te 52 4 2.1
He 2 0 - I 53 -1 2.5
Li 3 1l 1.0 Xe 54 0
Be 4 2 1.5 Cs 55 1 0.7
B ) 3 2.0 Ba 56 2 0.9
C 6 + 4 2.5 La 57 3
N 7 -3 3.0 Ce 58 3
0 8 -2 3.5 Pr 59 3
F 9 -1 4.0 Nd 60 3
Ne 10 0 - Pm 61 3
Na 11 1 0.9 Sm 62 3
Mg 12 2 1.2 Eu 63 3
Al 13 3 1.5 Ga 64 3 1.1 - 1.2
Shi 14 4 1.8 T 65 3
P 15 5 2.1 Dy 66 3
S 16 6 2.5 Ho 67 3
Cl 17 +1 3.0 Er 68 3
Ar 18 0 - Tm 69 3
K 19 1 0.8 Yb 70 3
Ca 20 2 1.0 Lu 71 3
Sc 21 3 1.3 HY 72 4 1.3
Ti 22 4 1.5 Ta 73 S 1.5
v 23 5 1.6 1) 74 6 1.7
Cr 24 3 1.6 Re 75 7 1.9
Mn 25 2 1.5 Os 76 4 2.2
Fe 26 3 1.8 Ir 77 4 2.2
Co 27 2 1.8 Pt 78 4 2.2
Ni 28 2 1.8 Au 79 3 2.4
Cu 29 2 1.9 Heg 80 2 1.9
Zn 30 2 1.6 T1 81 1 1.8
Ga 31 3 1.6 Pb 82 2 1.8
Ge 32 4 1.8 Bi 83 3 1.9
As 33 +3 2.0 Po 84 2 2.0
Se 34 4 2.4 At 85 2.2
Br 35 + 1 2.8 Rn 86 0
Kr 36 T o0 - Fr 87 1 0.7
Rb 37 1 0.8 Ra 88 2 0.9
Sr 38 2 1.0 Ac 89 3 1.1
Y 39 3 1.2 Th 90 4 1.3
Zr 40 4 1.4 Pa 91 5 1.5
Nb 41 5 1.6 U 92 6 1.7
Mo 42 6 1.8 Np 93 5
Tc 43 7 1.9 Pu 94 4
Ru 44 3,4 2.2 Am 95 3
Rh 45 3 2.2 Cm 96 3 1.3
Pd 46 2 2.2 Bk 97 3
Ag 47 1 1.9 cf 98 3
Cd 48 2 1.7 Es 99
In 49 3 1.7 Fm 100
Sn 50 4 1.8 Md 101
Sb 51 3 1.9 No 102
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TABLE ITI. - PHYSICAL ADSORPTION

Metal Heat of Adsorption AH in k cal/mole - Physical Adsorption
Substrate
Ar Kr Ne Xe He No CO
Ag 3.5 [16] 3.6 [23] 3.2 [16]
Au
Cr
Cu ~ 3.1 [15]
Fe 3.2 [16] 3.1 [16] 3.4 [186]
Mo 3.5 [46] 3.0 [46]
Ni 3.0 [17]
Pt 3.3 [16] 4,5 (18] 1.01 [18] 3.0 [18] 3.38 [16] 3.6 [16]
Rh
Ta 5.3 [13]
Ti
1 1.9 [13] 5,9 [13] 10.0 [13]
~ 1.9 [14] < 4.5 [14] 8-9 [14]
Carbon
Black 4,34 [43] 1.36 [43]
Alumina 2.80 [43] 3.46 [43]
Porous
Glass 3.79 [43] 1.56 [43]

*
The values given in the table refer to the common oxidation states of the elements
listed in column 3. TFor some elements variation of the electronegativity with
oxidation number is observed.
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TABLE V. - ELECTRIC DIFOLE MOMENTS OF COMPOUNDS

Compound " Temperature Compound ) Temperature
(debye) (°K) (debye) (°K)

Tnorganic Sn I 0 526

Al Brgz S5.14 -——— T1Cl 4,44 ---

Al Is 2.48 --- UF4 0] 313 - 356

As Clz 1.59 + 0.01 380 - 470 Xe 0 298

As Fz 2.815 + 0,025 --- Organic

B Fz 0 193, 298 C Cly 0 296, 368

BrCl 0.57 + 0.02 -—- CFy 0 193, 368

BrF 1.29 - co 0.10 83,298

Bro 0 293 - 412 COo 0 298

C1F 0.88 273 - 356 CSo 0 225 - 489

CsCl 10.5 + 0.25 -—- CHy 0 193, 298

CsF 7.42 + 0,47 -— C7N7NO3

CsI 10.2 873 et 4.83 4717

H Br 0.80 + 0.01 218 - 599

HCl 1.050 + 0,004 201 - 589

HF 1.91 305 - 374

HI 0. 42 245 - 346

1,0 1.85 423 - 483

Hzoz 2.13 i‘_ 0.05 -

HoS 1.10 197 - 542

Hg 0 674 - 743

HgBro 0] 614 - 695

HgClo 0 599 - 701

Helo 0 568 - 701

KBr 9.1 920

KC1 8.0 949

KF 7.33 + 0.24 -—-

KT 9.2 898

Kr 0 298

NF=z 0.22 193 - 368

NHz 1.469 + 0,006 274 - 457

NOo 0.39 297 - 397

NaI 4.9 950

Ne 0 82, 298

(OF3 0.52 194 - 360

505 1.633 + 0.006 266 - 444

SnCly 0.95 ---
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Element Atomic

number
Ar 18
Ba 56
Cl2 17
Cs 55
F2 9
H, 1
He 2
I 53
K 19
Kr 26
Li 3
Na 11
Ne 10
N2 7
0, 8
Rb 37
Xe 54

TABLE VIII.
Melting Boiling
point{5] point[2]

(°K) (°k)
83.6 87.5

983.0 1895.0

170.0 238.6

301.8 978.0

50.0 87.0
14.0 20.4
1.6 4.3

387.0 457.5

336, 4 1030.0

116.6 120.3

453.69 1599.0

370.98 1156.0

24.51 27.3
63.3 77.4
54.2 90.2
312.0 974.0
161.0 166.1

s = Heat of sublimation.
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Heat of vap- Univalent

orization[10] ion radii [4]
Kcal/mole A°
1.558 1.54
35.7 1.53
4,878 1.81
15.78 1.69
1.562 1l.36
0.215 2.08
0.02 0.93
14.88 s 2.16
18.3 1.33
2,156 1.69
30.8 0.60

24.6 0.98 [27)]
0.431 1.12
1.335 2.47
1.830 1.76
16.54 1.48
3.021 1.90

- SELECTED DATA ON ADSORBATE ELEMENTS

Electronic
polarizability [9]
em®x10-24
1.62
1.55
3. 66
2.42
1.04
0.1
0.201
7.10
0.83
2.46
0.029

0.179

0. 390
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TABLE XI. - CHEMICAL ELEMENTS ON SUBSTRATES - REFERENCE [ 3]

Metal - Film Work function ¢ in Remarks
eV by thermionic
emission except

as noted
Ti-Cl 4,40
Ti-Cs 1.07 Optimum coating at Cs pressure of
10-6 to 1072 Torr.
Ni-H 4,98 CPD
Ni-O | 6.34 CPD
Ni-0 6.36 PE
Ni-Cs 1.65 Optimum coating (lO'6 to 1072 Torr).
Ni-Ba 2.60
Nb-Cs 1.02 Optimum coating (10-6 to 1072 Torr).
Mo-Cs 1l.22 Optimum coating (1076 to 1072 Torr).
Mo-Cs 1.68
Mo-Th 2.58 TE, FPE
Ag-0-Cs 0.8 PE
Ag-0-Cs 1.0
HE-0 5.1
Hf-Cs 3.62 Optimum coating (10'6 to 1072 Torr).
Ta-H 4.53 CPD
Ta-N 4,50 CPD
Ta-Cs 1.11 Optimum coating (20°° to 1072 Torr).
Ta-Th 2.52
W-H 5.80 CPD
W-Li 1.83
W-Be 4.50
W-N 6.88 CPD

w-0 S.34 PE
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TABLE XI. - CHEMICAL ELEMENTS ON SUBSTRATES - REFERENCE [ 3] (con’t.)

Metal - Film

W-0

w-0

W-Na
W-Na
W-K

W-Ca
W-Sr
W-2r
W-Zr
W-Cs
W-Cs
W-Cs
W-Cs
W-Cs
W-Cs
W-Cs
W-Cs
W-Cs
W-Ba
W-Ba
W-Ba
W-Ba
W-Ba

W-Ba

Work function ¢ in
eV by thermionic
emission except

as noted

B.24
6.28
1.76
2.10
1l.64
2.40
2.20
3.14
3.15
1.1

1.36
1.36
1.38
l.41

1.44

1.10
1.56
1.56
1.66
1.920

2.01

PE

CPD

CFD

i

g
c

B8

Remarks

Optimum coating.

Optimum coating at Cs pressure of
10-6 to 1072 Torr.



-16-

TABLE XI. - CHEMICAL ELEMENTS ON SUBSTRATES - REFERENCE [3] (con’t)

Metal - Film Work function ¢ in Remarks
eV by thermionic
emission except

as noted
W-Th 2.62 PE, TE
W-Th 2.66
W-Th 2.67
W-Th 2.69
W~Th 2.73
W-Th 2.77
W-Th 2.86 TE, PE
W-H-K 1.80
W-0-Na 1.72
W-0-XK 1.76
W-0-Cs 0.72
W-0-Cs l.44
W-0-Ba 1.34
W-0-Ba 1.34
Re-Cs 1.98 Optimum coating (1078 %o 10728 Torr).
Re-Ba 2.3
Re-Th 2.58 In 1373°-1573° K temperature range.
Re-Th 3.15
Re-Th 3.16 Monolayer coating.
ThOz-Cs 1.0 Optimum coating.

Thermionic emission.
Photoelectric emission.
CPD = Contact potential difference.

TE
PE
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TABLE XII. - CHEMICAL COMPOUNDS ON SUBSTRATES - REFERENCE [ 3]

Substrate - Work function ¢ in eV by Remarks

material thermionic emission

except as noted

Al-Ba0 1.80 Activated.
Ti-Bal 1.58 Heat-activated at 1072° to 1173O K.
Cr-Ba0 1.54 "
Cr-Ba0 1.72 "
Fe-Ba0 1.61 "
Fe-Ba0 1.83 : "
Ni-Sro 2.0 Temperature 675° to 850° K.
Ni-Ba0 1.27
Ni-BaO 1.32 Activated.
Ni-BaO 1.35 Activated.
Zr-Ba0 1.48 ‘ Activated.
Zr-Ba0 1.5 Temperature 670° to 870° K.
Zr-Ba0 1.53 © Activated.
Mo-Ca0 2.1 Temperature 820° to 920° K.
Mo-Sr0 1.15 Temperature 1000° X.
Mo-Sr0 1.2 - 1..1 Temperature 550° to 900° K.
Mo -Ba0 1.1 Temperature 1000° K.
Mo -Bad 1.2 - 1.0 Temperature 550° to 900° K.
Mo-Ba0 1.22 Temperature 1000° K.
Mo-Ba0 1.39 Activated.
Mo-Ba0 1.40 Activated.
Mo-CsF-Cs 1.38 #0.05

Ta-Sro 1.3 Temperature 600° to 870° K.
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TABLE XII. - CHEMICAL COMPOUNDS ON SUBSTRATES - REFERENCE [3] (Con't.)

Substrate = Work function ¢ in eV by,
material thermionic emission
except as noted
Ta-Bal 1.15
Ta-Ba0 1.3 - 1.0
Ta-Bal 1.48
Ta-Bal 1.58
W=-Cal 2.1
W-Sr0 1.2 - 1.1
W-Bal 1.1
W-Bal 1.2 - 1.0
W-Be0 1.34
W-Ba0l 1.36
W-WO 9,22
W-ThoO,, 1.5
W-ThO2 1.6
W-‘I‘hO2 2.4
W-ThO, 2.5
Ir-Tho, 6.2
Pt-Mg0 3,19
Pt-Cal 2.52
Pt-Cal 3.33
Pt-Sr0 1.86
Pt-8r0 1.9
Pt-5r0 1. 37
Pt-Sr0 1.68

Pt-5r0 1,71

Remarks

Temperature
Temperature
Activated.
Activated.
Temperature
Temperature
Temperature
Temperature
Activated.

Activated.

1000° to 870° K.

600° to 900° K.

820° to 920° K.
550° to 900° K.
1000° K.

550° to 900° X.

Activeted at 2150° K.

Ba impurity present.

Temperature 1980° K.

Temperature 600° to 900° X,

Activated.

Activated.
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TABLE XII. - CHEMICAL COMFOUNDS ON SUBSTRATES - REFERENCE [3] (Contt.)

Substrate -~ Work function ¢ in eV by Remarks
material thermionic emission
except as noted
Pt—ThO2 2.89
Pt-Th02 3.18
Pt-Ba0/Sr0 1.51 - 1.89
Au-~Ba0 1,81 Activated.
Au-~-BaO 1.90 Activated,
Agzo-Cs 0.75
Ag20-0s 0.75 PE
Wy0-Cs 0.71
WZO-Cs 0.71 PE
WZO-Ba 1.1
WZO-BaO 1.0 - 1.1 PE  Activated.
W,0-Ba,/Ba0 2.43 Heat activated at 1072° to 1173°

PE = Photoelectric emission.




TABLE XIIT.

Surface Coating

Mo Cs-CsH

Mo Cs-CsF

Mo Cs-H

Mo Cs-H

Mo Cs-H
Clean

Mo {Cs(c = o)
Cs(o = 0,)
Clean

W {Cs(c = o)
Cs(o = 0y)

W 0

W Cs-0(0c = @

W Cs-0

W Cs-F
Clean

Re Cs(o = op)
Cs(o = a,)

Ta, 0
Clean

Ta(110) {?s(o = o,)
Cs(o = 0y)
Clean

Ta(110) {}s(c = Op)
Cs(0 = Ow)
Clean

Ta(near 316){}s(c =0 )
cs(o = o)

Ta Cs-F

Ni Cs(o = op)

Ni CsH

W CsF

-20-

- MINIMUM EFFECTIVE WORK FUNCTIONS FOR Cs SYSTEMS

Measured minimum effective

work function

(eV)
~1.3 [33]
1.38 +0.05 [32]
1.32 [45]
~1.4 [33]
1.12 [44]
4,20
1.50 i0.0Sj} [34]
1.82 +0,03
4,52
1.53 *0,05 [ 34]
1.83 #0.03
5.16 [34]
1.13 [34]
1.3 [44]
1.3 [44]
4.85
1.45 i0.0é} [ 34]
1.80 #0.0
4,56
4.91j}
1.52 [35]
1.91
4,84j}
1.47 [ 351]
1.91
4,44
1. 61} [ 35]
1.91
1.0 [44]
1.44 *0.05
1.42 #0.05 [37]
1.18 #0.02 [47]

Remarks

g = l9><lOl4

o ~1.2x1014

T, /T = 1.75

6 >1,
F.E.

T ~ 6800° K, 211
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TABLE XIV. - Cs ON SUBSTRATES

Calculated minimum Experimental minimum @. Typical values of
Qe [38] with optimum Cs coverage B for cesium on

Cs at T = 473° K different substrates [ 39]
Metal

(ev) emitter temp. 9o (ev) om(atoms/cmz)

(1000/T) min
Ti 1.78 633 1.07 [3] 1.92
v 1.79 666 1.95
Cr 1.79 588 1.86
Mn 1.80 495 2.24
Fe 1.79 602 1.95
Co 1.79 810 1.95
Ni 1.79 562 1.65 [3] 1.85
1.4 [44]

Zr 1.76 775 3.93 [3] 1.77
Nb 1.78 847 1,02 1.66
Mo 1.78 813 1.5040.05[ 34] 1l.62
Te 1.78 806 1.63
Ru 1.78 787 1.67
Rh 1.78 757 1.70
Pa 1,77 595 1.71
Hf 1.78 820 3.62 [ 3] 1.65
Ta 1.78 870 1.11 [3] 14 1.62
W 1.77 840 1.53+0.05[ 34] 1.9x10 1.60
Re 1.77 820 1. 45%0.05[ 34] 1.61
Os 1.78 685 1.70
Ir 1.77 741 1.68
Pt 1.77 769 1.86
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TABLE XV. - WORK FUNCTIONS OF OXIDES.

(Reference [3] except as noted)

Oxide Work function ¢
(ev)
Bal 0.99
1.00
1.0
i.1
1.1
1.1
1.3
1.4
1.44
1.4 - 1.6
1.57
1.63
Ca0 1.6 0.2
1.77
1,9
2.37
CSZO 0.99 - 1.17
Fe0 3,85
HfO, 2.82 (activated)
3. 60
3.76 (activated)
5.84
Ni0 5.55
Sro 1.27
l.4
1.4 - 1.6

Oxide

Sr0

ThO

Ta205

Ti0,

wo

CsF

Work function ¢

4,96

~3.2

(ev)

(activated)

(activated)
(unactivated)

reference [ 32]




Compound

HfC

MoC
szc

MbC

TaC

TABLE XVI.

Work function ¢ (eV)

Reference [ 3]

at temperature in

g o0

[ORCRON N SRR R
NOPHEHOODONO

(oIS BN o)

3.80

3.85

2.24
3.85
3.83
4.02
3.74
3.58

L) . - L[] L) L] [ ]
ONOEHENOHEO
[ IR 3 IR 3 IR TR NG g

(NCNCNDPSN(N(N(N(.N

(1550°K)
(2370°K)
(2200°K)
(1300-2100°K)
(1800°K)
( 300°9K)
(1400°K)
(2000°K)

(1800°K)

(1465°K)

(1500°K)
(2370°K)
( 300°K)
(1400°K)
(2000°K)

+0.06
(2200°K)
(2370°K)
(1800°K)
( 300°K)
(1400°K)
(2000°K)
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Compound

TiC

we

uc

NbN

TaN

ThN

TiN

Work

- WORK FUNCTIONS OF CARBIDES AND NITRIDES.

function ¢ (eV)

at temperature in °K

(G20 I &)

O 01 O 1 08 D0 D
O~NOUOHOOWNIW

P 0
a o,
@ N DD > N

(1800°Kk)
(1800°K)
( 300°K)
(1400°K)
(2000°K)

+0.08

(1465°K)

(1800°K)
(1350-1500°K) [31]
+0,015

(1950°K)

(1600°K)

(2000°K)
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TABLE XVII. - NUMBER OF ADSORBTION SITES

Nunber of atoms in monolayer covering of (100) plane

Adsorbate W Ta Mo
Sites availsble 1.003x10™°  0.917x10%°  1.01x10%°
Cs 5x10Y%  4.585x1014  5.005x1014
Ba 1.003x10%°  0.917x10%°  1.01x101°

15 15
h 1.003<10%°  0.917x10%°  1.01x10%°
F 1.003x10%°  0.917x101°  1.01x10%°
0 1.003x10%°  0.917x10%°  1.01x1015
c1 5x10%%  4.s85x10%%  5.005x10%4
T 5x10M*  4.585x10%%  5.005x1014
Cs-F 1.003x10%°  0.917x101°  1.01x1015
Cs s5x1014  4.585x101%  5.005x1014
pa-0 JO 1.003x10i2 0.917x1012 1.01x10ig
Ba 1.003x10 0.917x10 1.01x10
ceocy JC 5x10+4 4.585xloii 5.005x10%
5-Cl §¢s 5x101% 4. 585%10 5.005x10+-%




Gas
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TABLE XVIII. - SELECTED VAPOR PRESSURES

Temperature (°K) for vapor pressures (Torr)

-10 -8 .6 . -4 _ -2

10 10 10 10 10 1 10 100

50.5 59 70.5
103 123 153 172 201

161 178 199 226 262 312 345 388

760

85.2

239

456

90.2

Melting
point
(°K)
53.5

172.2

387.0

54.0
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TABLE XIX. - WORK FUNCTIONS IN CERTAIN CRYSTALLOGRAPHIC

DIRECTIONS ON MOLYBDENUM AND TUNGSTEN
(A) Molybdenum

Crystal Thermionic Emission
direction
Coomes & Boeck [56] Coomes(Gardner) [ ]
Projection diode Projection diode
technique technigue
110 5.4 0.2 4.83
(A = 2500 *1500) 4,81
112 4,5 0.1 4,69
(A = 85 +35) 4.72
001 4.5 0.1 4,57
(A = 118 *30)
111 4.3 #0.1 4,40
(A = 25 #10) 4,42
116 4,2 0.1 4,31
(A = 17 #8) 4,33
> @
| I Y — —
v 6 8 59 &g838
— O n o O «4 O T W
wnP o | n -+ W o ke
S89 =od ERs538d360
-~ w0 o — @ & > Q3
BOTHEG O PHL PAHP
> O« + UG)UE'GSG
TR VL ) 3] 3] 0> 0
So00n.ggd 5 0HO03 K
OH P »+P O HP&%H [V}
= I 2 S s} 2 e N
0 8° 28 3T a3
859 .>3 AN BN
HETAE SEEHhISEC
MuHuHd00d Qg po ol
HO®HoH 2 N O Q © O
Q © 0P e Qo WO E P~




TABLE XIX. - Cont. WORK FUNCTIONS IN CERTAIN CRYSTAL DIRECTIONS ON MOLYBDENUM AND TUNGSTEN

(B) Tungsten
Thermionic Emission

Coomes & Boeck
[56]
Projection diode

Coggins &
[49]

Hughes et al Farnsworth Stickney
et al [55]

[54]
3 mil wire in Parallel Basic appa-

Smith [53] Gienapp [51]

Basic apparatus

Nichols [52]

Crystal
direction
(hhk)

0.13 mm wire

5 mil tungsten

teechnique

crystal ratus same

surface

electron
projection

in modified
projection

same as

wire in
electron proj-

as Nichols

Nichols

tube
5.25 +£0.05

tube

ection tube

5.0 #0.2

5.2

5.29 est

15)

4.68%(A

110

320 +200)

(A:

50 +30)

0.1

4.7
(A =

4.71

5.25 10,05

5.3

112

4.6 0.1
(A = 130 +40)

4,59 #0.02

4,6

105)

4,52 (A

4,56 (A = 117)

001

Q

4.43(A

4,2

111

7
P
—~ H
o0
F
el *JUTI9778OS UOILISTD JIO0J D3
¥ < -03II00 ®BYBJ “J93awmozoyd £q
~psanssau ssaujlydtaq xoydsoyd
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-TWB3UOD ) PIAISSQO ABOSP UOTSSTWS
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[(115), (11e), (117)].

=Y

¥Believed to be in error [see Smith [53]).

{Miller index questionabl



Adsorbate ILatent heat of

Ag

Au

Cs

Cu

Li

evaporation
(ev)2

2.6

3.6

3.2

0,009

0.8
l.4

0.8
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TABLE XX. - DESORPTION ENERGIES

Polycrystalline
substrate

Mo

Mo

Desorption
energy
(ev)
1.9
1.5
4.2

3.6 £0.5

2.9
3.5 #0.5
2.8

1.3

Reference

57

58

59

60

6l

21

60

62

63

61

64

65
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